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PROBLEM TO BE SOLVED: To provide a protective circuit in which 
all circuit elements can be mounted in one chip. 
SOLUTION: If a control logic (6) instantaneously closes all load 
current switches (10[1:n]) in the case of an overvoltage, first number 
of the load current switches are then sequentially opened, switch 
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the residual number (10[m:n]) which is still closed of the load current 
switches are simultaneously opened, and subsequently the residual 
switch segments (12[n:m]) are sequentially closed. 
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1. Title of Invention 



Charge/Discharge Protection Circuit 



2. Claims 

1. A charge/discharge protection circuit for a 
battery comprising at least one rechargeable 
cell (1) , with a control logic (6) , which opens 
or closes n parallel load current switches (10 
[l:n]) depending on the magnitude of the voltage 
at the battery terminals (+ Batt, Com) , the 
voltage at the charge/discharge terminals (50, 
60) of the protection circuit, and the charge or 
discharge current, which control logic (6) 
comprises an over-voltage detector (OVD) , and 
which disconnects, in the event of- an over- 
voltage, the battery (1) from the 
charge/discharge terminals (50, 60) by means of 
sequentially controlled melting of integrated 
battery- side parallel connected fusible links 
(11 [l:n]), each of which is coupled in series 
with an associated load current switch (10 
[l:n]) f and coupled via an associated 
controllable switch segment (12 [l:n]) of a 
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short-circuit switch array to the oppositely 
poled battery connection (Com) , thus 
characterized, that the control circuit (6) , in 
an over-voltage event, simultaneously closes all 
load current switches (10 [l:n]) # then following, 
sequentially opens a first number (10 [l:(m-l)]) 
of load current switches, and at the same time 
closes the switch segment (12 [l:(m-l)]) of the 
short-circuit switch array associated with the 
respective load current switch, so that the 
associated fusible links (11 [l:(m-l)]) melt 
sequentially, after the opening of this first 
number (10 [l:{m-l)]) of load current switches 
the latter closes again and at the same time the 
remaining number (10 [m:n] ) of still closed load 
current switches opens, as well as continues to 
sequentially close the remaining switch segments 
(12 [n:m]), so that until the complete 
disconnect of the battery there exists at all 
times a low- resistance path between the 
charge/discharge terminals (50, 60) of the 
protection circuit to protect the latter from 
the over-voltage. 
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2. Protection circuit according to claim 1, thus 
characterized that at least those circuit 
components of the control logic (6) which 
generate the control signals (F3) for the switch 
segments (12) receive their supply voltage (+V H ) 
from an auxiliary voltage source, in particular 
from a charged buffer capacitor (2) . 

3. Protection circuit according to claim 2, thus 
characterized that the auxiliary voltage source 
comprises a buffer capacitor (2) , which is 
charged via a semiconductor switch (4) to the 
battery voltage, whereby the semiconductor 
switch (4) opens when the battery voltage falls 
below a predetermined value or when the over- 
voltage detector (OVD) produces a control signal 
in an over- voltage event. 

4. Protection circuit according to claim 2, thus 
characterized that the auxiliary voltage source 
is a buffer capacitor (2), which is charged via 



3 



(13) 

a charge pump to the maximally allowable 
operation voltage of the control logic (6) 
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5. Protection circuit according to one of the 

claims 1 to 4 , thus characterized that the over- 
voltage detector (OVD) receives as input voltage 
the voltage at the charge/discharge terminals 
(50, 60) . 



6. Protection circuit according to one of the 
claims 1 to 5, thus characterized that the over- 
voltage detector (OVD) comprises a bistable 
flip-flop circuit (26) , which flips into its 
second stable state in an over- voltage event. 

7. Protection circuit according to one of the 
claims 1 to 6 , thus characterized that the over- 
voltage detector (OVD) is followed by a digital 
switching circuit (7) with a clock generator 
(CLK) , that the over-voltage detector (OVD) , in 
an over-voltage event, generates a signal (F2) 
enabling the clock generator (CLK) , and that the 
digital switching circuit comprises a number of 
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successive D flip-flops (DFF [l:n]) 
corresponding to the number of switches (10; 12) 
to be controlled, which D flip-flops (DFF [l:nj) 
are flipped sequentially into their second 
stable state via the clock signal, and whose 
outputs (Q) then deliver serially, on one hand 
the control signals (F3 [l:n]) for the switch 
segments (12 [l:n]) of the short-circuit switch 
array, and on the other hand via logic network 
elements (20 to 23) the control signals (F4 
[l:n]) for the load current switches (10 [l:n]). 

8. Protection circuit according to one of the 

claims 1 to 7 , thus characterized that, with the 
exception of capacitors, all circuit components 
are integrated on one chip. 
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3. Detailed Description of Invention 

The invention relates to a charge/discharge 

protection circuit for a rechargeable battery 

comprising at least one rechargeable cell, with a 

control logic which opens or closes n parallel load 

current switches depending on the magnitude of the 

voltage at the battery terminals, the voltage at 

the charge/discharge terminals of the protection 

circuit, and the charge or discharge current. 
Where that control logic comprises an over-voltage 
detector which in case of an over-voltage 
disconnects the battery from the charge/discharge 
terminals through sequentially controlled melting 
of integrated, battery-side parallel coupled 
fusible links. Each of which can be coupled to the 
pppositely poled battery connection via an in 
series connected associated load current switch and 
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an associated, controllable switch segment of a 
short-circuit switch array. 

Such a circuit is deemed known from the this -side 

DE-A-101 37 875.0, which is expressly referenced 

herewith. In particular, this circuit can be 

disposed between a single lithium-ion cell and the 

electronics of a mobile phone. It protects the 

battery, respectively the cell from a dangerous 

overcharge and can be produced with a significantly 

lower electric strength than is required in a 

worst-case scenario, and, therefore, at a favorable 

cost. In the case of an over- vol tage, the fusible 

links will be destroyed individually one after 

another. The battery is thereby disconnected 
permanently from the over-voltage. The destruction 
of the protection circuit is knowingly accepted. 
To insure that the protection circuit is not 
already destroyed by the over-voltage before the 
last fuse has melted, the protection circuit 
comprises, parallel to the charge/discharge 
terminals, a semiconductor switch is immediately 
switched into its conductive state by the over- 
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voltage detector in case of an over- voltage, so 
that the over-voltage collapses due to the short- 
circuit. Because the semiconductor switch for that 
reason must have a high current carrying capacity, 
it requires a comparatively large area of real 
estate on the chip and therefore increases its cost. 

The task of the invention is to create a protection 
circuit of the above mentioned type which, while 
providing the same protection, can be fitted onto 
an area -wise smaller and therefore more economical 
chip. 

This task is inventively solved in that the control 
circuit, in an over-voltage event, simultaneously 
closes all load current switches, then following, 
sequentially opens a first number of load current 
switches, and at the same time closes the switch 
segment of the short-circuit switch array 
associated with the respective load current switch, 
so that the associated fusible links melt 
sequentially. After the opening of this first 
number of load current switches the latter closes 
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again and at the same time the remaining number of 
still closed load current switches opens, as well 
as continues to sequentially close the remaining 
switch segments, so that until the complete 
disconnect of the battery there exists at all times 
a low- resistance path between the charge/discharge 
terminals of the protection circuit to protect the 
latter from the over -vol tage . 

This low-resistance path, therefore, initially 
traces via all closed load current switches and the 
battery, later via the again closed first number of 
load current switches and the already closed short- 
circuit switches. The initial current flow through 
the battery causes no dangerous overload (nor 
discharge) yet, because the disconnect process is 
completed within milliseconds (maximally within one 
second) . 

The central idea of the invention therefore 
consists in reducing a recognized over-voltage via 
low-resistance current paths by utilizing the 
already existing in-parallel deployed load current 
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switches. This ensures that the protection circuit 
stays functional until the final disconnect of the 
battery when the last fuse is destroyed. In 
contrast to the circuit of the starting point, in 
the event of an over-voltage all load current 
switches will therefore be closed initially, and 
during the following, sequential melting of the 
fuses a sufficient number of the load current 
switches will always be kept closed, so that the 
over- voltage will have a low- resistance short- 
circuit initially via the battery, and further on 
via the already closed switch segments of the 
short-circuit switch array. 

Appropriately, at least those circuit components of 
the control logic generating the control signals 
for the switch segments receive their supply 
voltage from an auxiliary voltage source, in 
particular from a charged buffer capacitor (claim 
2) . Thereby the function of the protection circuit 
is safeguarded even when the external over -voltage 
collapses due to the generated low- resistance 
short-circuit path, or conversely, when it is so 
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high that it has led to a destruction of other 
parts of the control logic intended for the normal 
function of the protection circuit. 

A further development of this embodiment consists 
of charging the buffer capacitor, which forms the 
auxiliary voltage source, to the battery voltage 
via a semiconductor. in doing so the semiconductor 
opens when the battery voltage falls below a 
predetermined value or when the over-voltage 
detector generates a control signal in the case of 
an over-voltage (claim 3) . 

Alternatively, the auxiliary voltage source may 
comprise a buffer capacitor which is charged up via 
a charge pump to the maximally allowable operating 
voltage of the control logic (claim 4) . 

Appropriately, the over-voltage detector receives 
as input voltage the voltage at the 

charge/discharge terminals (claim 5) . This avoids 
the disadvantage of a proposal according to the 
state of the technology, whereby an external over- 
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voltage is only then recognized as such when it has 
also caused an over-voltage at the battery via the 
corresponding battery charge current. 

The over-voltage detector may in particular 
comprise a bistable flip-flop circuit, which 
switches to its second stable state in the event of 
an over-voltage {claim 6) , so that even an only 
briefly applied over-voltage triggers the sequence 
of control signals which produces the low- 
resistance short circuit. 

In a preferred embodiment, the over- voltage 
detector is followed by a clock generator and a 
digital switching circuit, whereby the over-voltage 
detector, in an over-voltage event, generates a 
signal enabling the clock generator. And whereby 
the digital switching circuit comprises a number of 
successive D flip-flops which correspond to the 
number of switches to be controlled. Whereby, via 
the clock signal, the D flip-flops are flipped 
sequentially into their second stable state. And 
whose outputs then deliver serially, on one hand 
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the control signals for the switch segments of the 
short-circuit switch array, and on the other hand 
via logic network elements the control signals for 
the load current switches (claim 7) . How a logic 
network circuit satisfying such a function is to be 
realized is known to those skilled in the art. 



Preferably, with the exception of capacitors, all 
circuit components are integrated on one chip 
(claim 8) . 

An embodiment of a protection circuit according to 
the present invention is shown schematically 
simplified in the drawing. 
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The protection circuit illustrated in Fig. 1 is 
located as an integrated circuit between the 
terminals of a Li -Ion cell 1 and two 

charge/discharge terminals 50 and 60, paralleled to 
which is a filter- capacitor 40 as protection 
against steeply sloped voltage increases. The 
protection circuit has the external connections Com, 
+ Batt and Out as well as +V H . The latter is 
connected via a buffer capacitor 2 with the 
reference potential Com. Buffer capacitor 2 is 
normally charged to the battery voltage via 
semiconductor switch 4 (indicated as a diode) . If 
this supply voltage drops away then semiconductor 
switch 4 opens and the buffer capacitor 2 supplies, 
via line 5, power for a time for essential parts of 
the integrated circuit. A charge pump circuit may 
also be provided in place of semiconductor switch 4, 
where the charge pump circuit charges the buffer 
capacitor 2 to the intended maximum gate voltage as 
dictated by the technology of the integrated 
circuit . 
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A current sensing resistor R senee is placed between 
Out and +Batt in series with a circuit arrangement, 
which comprises a plurality of parallel coupled 
series circuits, in turn each comprising a load 
current switch 10 1# 10 2 , . . . 10 n and an integrated 
fusible link ll lf 11 2 , . . . ll n . Each connection node 
between a load current switch 10 x and a fusible 
link ll x is connected to the reference potential 
Com via its own short-circuit switch 12 1# 12 2 , . . . 
12 n . The entire group of these short-circuit 
switches will be referred to from here on as short- 
circuit switch array, and the individual switches 
as switch segments. 

A control logic, pictured in simplified form within 
dash-dotted block 6, generates by generally known 
means through differential amplifiers Dl and D2 a 
battery under- vol tage signal uv and a battery over- 
voltage signal OV, provided the voltage of the Li- 
Ion cell 1 is outside of the predetermined 
tolerance range. The control logic further 
generates from the voltage drop across R BenS e by 
means of differential amplifiers D3 and D4 the 

if 
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output signals OCD r OCC, respectively, when 
reaching the maximum charge current or the maximum 
discharge current, respectively. Output signals UV, 
OV, OCC and OCD of differential amplifiers Dl to D4 
are coupled into OR-gate OD which supplies in each 
of the mentioned instances an error signal Fl to a 
digital switching circuit 7, which will be 
explained in more detail by reference to Fig. 3. 

The potential at terminal Out not only is present 
at the corresponding inputs of D3 and D4, but also 
at the input of an over-voltage detector OVD, which 
in the event of an over -voltage generates an error 
signal F2, which is also supplied to digital 
switching circuit 7 . 

An embodiment of the over-voltage detector OVD is 
illustrated in Fig. 2. The designations of the 
external connections correspond to those of Figure 
1. Placed between Out and Com is the series 
circuit comprising a first trigger element 21 and a 
resistor 22 as well as a second trigger element 23 
and a second resistor 24. Trigger elements 21, 23 
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are illustrated only symbolically as the series 
connection of a zener diode and a back current 
diode, wired back- to-back . When exceeding the 
predetermined voltage limit in the positive or 
negative direction the corresponding trigger 
element becomes conductive and with it the 
respective, following MOS transistor Tl or T2, 
which in turn sets to "0" or "L" the following 
Schmitt- Triggers ST1, ST2, respectively. The 
outputs of the Schmitt-Triggers are coupled via 
Inverter I with the inputs of a NAND-gate 25, whose 
output in turn is connected with the clock input of 
a D flip-flop 26. Its D-input is normally at "1" 
or "H" . The output Q of flip-flop 26, therefore, 
goes to "H" when at the clock input an impulse 
arrives from OR-gate 25. The over-voltage detector 
behaves, therefore, like a bistable flip-flop. The 
output level "1" or W H" represents the error signal 
F2 at the terminal of the same name. 

Figure 3 is an embodiment of the digital switching 
circuit 7 in Fig. 1, which generates from error 
signals Fl and F2 sequential control signals F3 
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[l:n] for the switch segments 12 x to 12 n of the 
short-circuit switch array in Fig. 1, and control 
signals F4 [l:n] for the load current switches 10 x 
to 10 n in Fig. 1. The latter are in this example 
realized in PMOS technology, and open therefore 
when their control signal is at level "1", and 
close to the conductive state when their control 
signal is at level "0". 

The connection Fl, by which error signal Fl is 
supplied, is coupled to the first inputs of AND 
gates 20(1) to 20 (m). Whose second inputs receive 
the negated error signal F2, i.e., the level "1", 
as long as OVD does not detect an over-voltage and 
when therefore the error signal F2 is at "0". The 
outputs of AND gates 20 [l:m] are coupled to the 
first inputs of OR gates 21 [l:m]. Whose outputs 
supply the control signals F4 [l:n] for load 
current switches 10 x to 10 n in Fig. 1, whereby OR 
gate 21 (m) supplies a common control signal for 
load current switches 10 [m:n] . When error signal 
Fl switches to "1", then correspondingly all 
control signals F4 [l:n] switch simultaneously to 
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"1", i.e., all load current switches 10^ to 10 n open 
simultaneously. This is the case, e.g., when 
control logic 6 in Fig. 1 generates one of the 
signals UV, 0V, ODC or OCC . 

The digital switching circuit 7 further comprises a 
clock generator CLK which starts when there is 
applied at its input En the error signal F2 with 
the level "1", which is supplied via terminal F2 . 
The clock signal elk is directed to the clock 
inputs of a number of successive D flip-flops DFF 
[l:n], where the number of D flip-flops corresponds 
to the number of to be controlled load current 
switches 10 and of short-circuit switch segments 12 
in Fig. 1. The terminal F2 is, moreover, coupled 
in parallel to all inputs XR of these flip-flops. 
The input D of the first flip-flop DFF { 1 ) is tied 
permanently to "1". The output Q belonging to it 
is coupled to input D of DFF (2), whose output Q is 
coupled to the input D of the following DFF , and so 
on. When error signal F2 with level "1" is present, 
then as a consequence outputs Q of DFFs [l:n] 
switch to "1" sequentially clocked by the clock 
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signal elk and, therefore, supply the sequence of 
control signals F3 [l:n] for the corresponding 
switch segments 12 [lrn] of the short-circuit 
switch array, which thereby close sequentially. 

Associated with D flip-flops DFF [l:(m-l>] are AND 
gates 22 [l:(m-l)]. Each of these AND gates has 
three inputs. All first inputs are coupled to 
terminal F2 . The second input of each AND gate is 
coupled to the output Q of D flip-flop of same 
ordinal number. All third inputs are coupled via a 
common inverter 23 to the output Q of DFF (m) . The 
outputs of all AND gates [l:(m-D] are coupled to 
the second inputs of OR gates [l:(m-l)]. However, 
the second input of OR gate 21 (m) is coupled to the 
output Q of DFF (m) , to which is also coupled the 
inverter 2 3 . 

The action of the circuit is as follows: If only 
error signal Fl appears, i.e., the level M l" is 
present at terminal Fl, then, as already mentioned, 
all control signals F4 [l:n] generate the level "1", 
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so that all load current switches 10 x to 10 n in Fig. 
1 open . 

When the over-voltage detector OVD generates the 
error signal F2 with level "1", all AND gates 20 
[l:m] block, so that all control signals F4 [l:n] 
take level "0" at the same time, whereby all load 
current switches 10 L to 10 n are closed at the same 
time. Thus, charge/discharge terminals 50, 60 are 
low-resistance short-circuited via battery 1. Only 
when there is a high over- voltage and a low 
internal resistance of the external voltage source 
will all fuses ll a to ll n already melt now, and 
thereby totally disconnect battery 1. Otherwise, 
the error signal F2 will start the clock generator 
CLK, so that the outputs Q of the D flip-flops DFF 
[l:n] successively generate the control signals F3 
[l:n], as also already mentioned. In the same 
clock cycle the logic AND condition for each AND 
gate 22(1) to 22(m-l) is satisfied, so that control 
signals F4 [l:(m-l>] switch from "0" to "1". 
Whereby the corresponding load current switches 
open at the same point in time at which the switch 
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segments of the same ordinal number close. 
Correspondingly, fuses 11 1 to melt successively. 



When in the next clock cycle the output Q of D 
flip-flop DFF(m) switches to "1" , then all AND 
gates 22 [l:(m-l)] will be blocked by inverter 23. 
Thus all control signals F4 [l:(m-l>] move to level 
"0", so that the successively opened load current 
switches lOj to lO^ all close simultaneously, and 
all remaining load current switches 10 a to 10 R 
concurrently receive via OR gate 21 (m> the control 
signal "1", whereupon they open. Thus there exists 
at all times until the last fuse ll n is melted a 
low- resistance short-circuit path, initially via 
the battery then via the already closed load 
current switches and all switch segments which are 
already closed and which remain in this state. 



22* 



(32) 



JP 2004-7942 A 2004. 1. 8 



4. Brief Description of Drawings 

Fig. 1 a block diagram, 

Fig. 2 a simplified circuit diagram of the 

over-voltage detector in Fig. 1 and 

Fig. 3 a circuit diagram of the digital 

switching circuit, including the clock 
generator, following the over-voltage 
detector . 
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1. Abstract 

A charge/discharge protection circuit with n parallel load 
current switches and a control logic for the latter,, which in an 
over-voltage event disconnects the battery from the charge/dis- 
charge terminals through sequentially controlled melting or 
integrated fusible links, can be placed on a smaller and 
therefore more economical chip, if the control logic (6) in an 
over-voltage event, simultaneously closes all load current 
switches (10 [l:n]), then following sequentially opens a first 
number of the load current switches, and at the same time closes 
the switch segment (12 [l:(m-l)J) of a short-circuit switch 
array associated with the respective load current switch, so 
that the former associated fusible links (11 (l:(m-l)]) melt 
sequentially; after the opening of this first number of load 
current switches the latter closes again and at the same time 

the remaining number (10 [m:nj) of still closed load current 
switches opens, as well as continues to sequentially close the 
remaining switch segments (12 [n:m]). In this manner, there 
exists, until the complete disconnect of the battery, a low- 
resistance path between the charge/discharge terminals (50, 60) 
of the protection circuit so that the latter is protected from 
the over-voltage. 



2. Representative Drawing 
Fig. J 



